Abstract-Traditional fault diagnostic techniques using motor current signature analysis is, generally, based on the assumption of a constant load torque. In fact, due to the design, construction, and ageing phenomenon of loads, torque imposed to the motor can not be strictly constant and, in most of cases, varies according to the machine rotor position. These variations of the load torque, which are not related to the health of the motor, involve amplitude modulation of machine stator current at rotational frequency. In this paper we propose a technique based on the introduction of a supplementary known mechanical unbalance on the motor rotor axis to estimate the unknown load unbalance level from time analysis of stator current signal. Simulation and experimental results show the effectiveness of the proposed method.
INTRODUCTION
Due to their reliability, simplicity of construction and relatively low cost, induction machines became very much used in the processes of mechanical drive of industrial systems. In order to increase the productivity, reliability, and safety of installations, online motor condition monitoring is required. In fact, because of ageing phenomenon, even under normal conditions, there is a risk of equipment dysfunction which affects the safety of installations. Mechanical faults can be related to motor health condition, as well as mechanical load equilibrium. Generally, in both cases motor stator current will be modulated in amplitude and user can not distinguish a normal motor operating condition from a failure motor mode [1] . Indeed, mechanical faults affect directly resulting induced rotor currents, and by reaction principle, stator current spectrum will present harmonic sidebands at rotational frequency that appear around supply voltage frequency. Many techniques were proposed to discriminate motor rotor faults from mechanical load defects [2] . In [3] the author proposed combination of the active and reactive power media and their derived signals to separate rotor fault conditions from the abnormal mechanical load conditions. In [4] , because torque oscillation is linked to phase modulation, it can be detected by time-frequency signal analysis. By introduction of a subsequent angular data clustering technique, it is possible to detect mechanical unbalances by extraction of the fundamental magnitude witch serves as unbalance indicator [5] . A fault indicator derived by the Vienna Monitoring Method is not influenced by an external load torque oscillation. It can be used to distinguish rotor faults from external low frequency load torque oscillations [6] . Fundamental parameter to discern rotor fault and load oscillation is the phase displacement between the active and reactive space vector components. If the active component leads or lags the reactive one by less than π /2 a rotor fault is present, otherwise a torque unbalance is present [7] . To discern motor defects from load faults, it is important to evaluate, separately, initial mechanical load unbalance level. In this paper we propose an experimental technique ( Fig. 1) , based on the extraction of the amplitude modulating component of the stator current by the use of Hilbert transform, to estimate load unbalance degree from a known mechanical motor unbalance. THEORETICAL DEVELOPMENT Mechanical unbalance affects the dynamics of the system revolving part. This unbalance appears primarily by the creation of an additional undesirable torque which is added to the torque imposed by the load. In addition, the total inertia of the revolving part is also modified and creates a non uniform distribution of mass which, when the system rotates, generates a centrifugal force tending to move the rotor and creates, consequently, a dynamic eccentricity [8] . For low levels of mechanical unbalance, this effect on the machine eccentricity can be neglected. s : Slip factor When the load torque depends on the rotor angle position [9] , and the induction machine rotor is unbalanced by a mass " μ " fixed at distance " r " from rotor axis (Fig. 2) , we can write:
With: 
Where: 
B. Electromagnetic torque
In the following, all machines parameters are referred to stator, " " p denotes number of the induction machine pole pairs and " " s ω the frequency of supply voltage.
1) Load oscillation effect on electromagnetic torque
In "d-q" frame, electromagnetic torque can be expressed by the determinant of matrix of the stator current vector " " s I and the rotor current vector referred to the stator " "
Where " " m X denotes the machine mutual reactance. At steady state condition, usual equivalent circuit of the induction machine [10] is given in Fig. 3 . " " 
With: (
.
Therefore, steady state electromagnetic torque can be expressed by:
From (15), steady state electromagnetic torque can be expressed by:
When flux linkage is unaffected, differentiation of (15) gives:
If electromagnetic torque amplitude variation is purely sinusoidal at frequency " "
Stator current variation will be also sinusoidal with frequency " " 
In stator reference frame, it can be written: 
Finally, stator current amplitude will be modulated at electromagnetic torque frequency oscillation:
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Where:
0 e " T " Δ denotes electromagnetic torque oscillation level when " 0"
Taking in account (26), " " η can be estimated directly from stator current: 
Motor unbalance is simulated by an additional electromagnetic torque imposed to the main one, with amplitude gr μ =0.04 pu, oscillating according to rotor position with initial angle " " α :
As it is shown in Fig. 4 , stator current is modulated in amplitude.
From machine stator current we construct analytical signal and we extract its magnitude, for three cases of machine condition: balanced motor; unbalanced motor with initial phase " 0" For different load torque values, magnitudes of modulating component are summarized in Table I . Best estimation of " " η is found around rated load (1.33%). 
IV. EXPERIMENTAL VALIDATION

A. Experimental setup
Tests have been performed on an experimental setup with a three phase, 400 V, 50 Hz, 1 kW LEYBOLD 4-pole cage induction motor with rated torque of 6 Nm (Fig. 10) . The stator of the induction machine is consisted of 36 slots and the rotor is a cast aluminum type with 28 bars which is rigidly fixed to a fan having 7 blades. The load has been simulated by a magnetic brake which is stiffly coupled to the induction machine shaft and, via its control unit, allows user to apply different load torque levels and acquire speed and torque signals. Stator current was acquired by a clamp C100 CHAUVIN ARNOUX. Anti-aliasing was ensured by an active filter of Butterworth of order 5 with cut-off frequency equal to 1 KHz. Data acquisition was ensured using a chart EAGLE PC30F 12 bits programmable gain, integrated in a slot ISA of a computer. The data processing was carried out using the MATLAB software. The considered fault was simulated by fixing a blot of mass " μ =20g", on one fan blade at a distance " r = 4 cm" from the rotating axe center as it is shown in Fig. 6 . Duration of data acquisition was fixed at 20 seconds; sampling rate was carried out at the frequency of 5 KHz. 
B. Experimental results
As shown in Fig. 7 , stator current is modulated in amplitude, but modulating component is not purely sinusoidal as it was expected by the theoretical development relations. Fig. 8 shows the average magnitude of constructed analytical signal from original data. 
V. CONCLUSION
Mechanical load unbalance leads to a time varying torque according to rotor angle position. These variations involve amplitude modulation of stator current at rotational frequency. Sideband harmonics will be present in current spectrum and can overlap those caused by an eventual motor mechanical defect. In this paper we proposed a technique based on time analysis of stator current signal, after introduction of a known mechanical motor unbalance, to estimate load unbalance level. Simulation results, as well as experimental measurement, show the effectiveness of the proposed technique. 
